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DESCRIPTION 



PROCESS FOR PRODUCTION OF 3,3-DIMETHYL-2- 
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Technical Field 



The present invention relates to a process for the production of 3,3- 
(hmethyl-2-formylcyclopropanecarboxHc acid derivatives. 

Background Art 



wherein R is hydrogen, substituted or unsubstituted alkyl, substituted or 
15 unsubstituted aryl, or substituted or unsubstituted aralkyl, are very impor- 
tant compounds as the intermediate for the synthesis of pyrethroid-type 
household agents for epidemic prevention, pesticides, or the like. There 
have also been developed a number of analogs in which the 2 -methyl- 1-pro- 
penyl groups attached to the cyclopropane rings are replaced with various 
20 alkenyl groups, using the 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopro- 
panecarboxylic acid compound of the above formula (1) as the key compound, 
as well as a number of household agents for epidemic prevention, pesticides, 
and the like using these analogs. 



25 propenyl groups attached to the cyclopropane rings are replaced with various 
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The 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecarboxylic ac- 
id compounds of formula (1): 




(1) 



As the process for producing the analogs in which the 2-methyl-l- 
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alkenyl groups, there has been known, for example, a process in which the 
3,3-dimethyl-2-formylcyclopropanecarboxylic acid derivative of formula (2): 




(2) 



5 wherein R is as defined above, are reacted with Wittig reagents (see, e.g., J. 
Labelled Compounds and Radiopharmaceuticals, I3_, 561(1977)). The 3,3- 
dimefnyl-2-formylcyclopropanecarboxyhc acid derivatives of the above for- 
mula (2) become important compounds in the synthesis of the above analogs. 

As the processes for the production of the 3,3-dimethyl-2-formyl- 

10 cyclopropanecarboxylic acid derivative of formula (2), there have been known, 
for example, a process in which the 3,3-dimethyl-2-(2-methyl-l-propenyD- 
cyclopropanecarboxylic acid compound of the above formula (l) are oxidized 
in the presence of an osmium tetroxide catalyst (see, e.gr„ J. Labelled Com- 
pounds and Radiopharmaceuticals, 13, 561(1977)) and a process in which the 

15 3,3-dimethyl-2-(2:methyM-propenyl)cyclopropanecarboxylic acid compounds 
of the above formula (l) are oxidized with ozone (see, e.g., JP-B 46-24695). 
However, since the former process uses highly toxic osmium tetroxide and 
the latter process has a tendency to need large-scale equipment, both cannot 
be said to be production processes suitable on an industrial scale. 

20 Journal of the Chemical Society, Perkin Transactions I, 1980 

pages 1711-1717 discloses a process for preparing cis-2,2-formyl-3,3- 
diemethylcyclopropanecarboxylate by oxidizing a chrysanthemate with, 
sodium metaperiodate in tbe presence of the catalyst, osmium tetraoxide. 
However, this process also uses highly toxic osmium tetroxide and cannot be 
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said to be a process suitable on an industrial scale. EP-A 0 444 708 
discloses a process for preparing a ketone or aldehyde compound by 
oxidizing an olefin compound having a B-lactam structure. JP-A 5*229981 
discloses a process for preparing an aromatic acetaldehyde by oxidizing an 
5 allyl substituted aromatic compound with sodium periodate in the presence 
of a ruthenium catalyst and a phase transfer catalyst, JP-A 55-087739 
discloses a process for preparing an aromatic aldehyde by oxidizing ana, 8 
unsaturated aromatic compound in the presence of an oxidizing agent and a 
ruthenium catalyst. However, the oxidization disclosed in these processes 
10 are not compared to the above oxidization of the compound of the above 
formula (l). 

Disclosure of Invention 

Under these circumstances, the present inventor has intensively 
15 studied a process for the production of the 3,3 dimethyl-2-formylcyclopro- 
panecarboxylic acid derivative of the above formula (2) on an industrial 
scale and has found that the desired 3,3-dimethyl-2:formylcydopro- 
p anecarboxylic 
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acid derivatives of formula (2) can be obtained in good yield by reacting the 
33-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecarboxylic acid compounds 
of the above formula (1) with a periodic acid compound in the presence of a 
ruthenium compound, thereby completing the present invention. 
5 Thus the present invention provides a process for the production of a 

3,3-dimethyl-2-formylcyclopropanecarboxylic acid derivative of formula (2): 




wherein R is hydrogen, substituted or unsubstituted alkyl, substituted or 
10 unsubstituted aryl, or substituted or unsubstituted aralkyl, which process 
comprises reacting a 3,3-dimethyl-2-(2 -methyl- l-propenyl)cyclopropanecar- 
boxylic acid compound of formula (1): 




CQ 2 R 



15 wherein R is as defined above, with a periodic acid compound in the presence 
of a ruthenium compound. 

Mode for Carrying Out the Invention 

In the formula for the 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopro- 
20 panecarboxylic acid compounds of formula (1): 
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(1) 



(hereinafter abbreviated as carboxylic acid compounds (1)), R represents hy- 
drogen, substituted or unsubstituted alkyl, substituted or unsubstituted aryl, 
or substituted or unsubstituted aralkyl. 
5 The unsubstituted alkyl may include, for example, straight or 

branched chain, or cyclic alkyl groups of 1 to 10 carbon atoms, such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n- 
pentyl, cyclopentyl, n-hexyl, cyclohexyl, and menthyl, and the substituted 
alkyl may include alkyl groups substituted with a substituent(s) such as 

10 halogen atoms {e.g., fluorine, chlorine, bromine), alkoxy groups {e.g., C r C 4 
alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, 
or tert-butoxy), aryloxy groups {e.g., phenoxy), or aralkyloxy groups {e.g., 
benzyloxy), which substituted alkyl groups may include, for example, 2-chlo- 
roethyl, 2-fLuoroethyl, pentafluoroethyl, 2-methoxyethyl, 2 -ethoxy ethyl, 2- 

15 phenoxyethyl, and 2-(benzyloxy)ethyL 

The unsubstituted aryl may include, for example, phenyl and naph- 
thyl groups, and the substituted aryl may include phenyl and naphthyl 
groups substituted with a substituent(s), such as the above substituted or 
unsubstituted alkyl, the above alkoxy, the above aryloxy, and/or the above 

20 aralkyloxy Examples of the substituted phenyl and naphthyl groups may 
include, for example, 2-chlorophenyl, 4-fLuorophenyl, 2-methylphenyl, 4-me- 
thoxyphenyl, and 4-phenoxyphenyL 

The substituted or unsubstituted aralkyl may include, for example, 
those which are composed of the above substituted or unsubstituted alkyl 

25 groups and the above substituted or unsubstituted aryl groups, such as ben- 
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zyl, phenylethyl, chlorobenzyl, methylbenzyl, methoxybenzyl, phenoxybenzyl, 
2,3,5,6-tetrafluorobenzyl, 2,3,5,6-tetrafluoro-4-methylbenzyl, 2,3,5,6-tetra- 
fluoro-4-methoxybenzyl, and 2,3,5,6-tetrafluoro-4-methoxybmethylbenzyl. 

The carboxylic acid compound (1) may include 3,3-diemthyl-2-(2- 
5 methyl- l-propenyl)cyclopropane carboxylic acid, methyl 3,3-dimethyl-2-(2- 
methyl- l-propenyl)cyclopropanecarboxylate, ethyl 3,3-dimethyl-2-(2-methyl- 
l-propenyl)cyclopropanecarboxylate, n-propyl 3,3-<hmethyl-2-(2-methyl-l- 
propenyl)cyclopropanecarboxylate, isopropyl 3 > 3-dimethyl-2-(2-methyl- 1-pro- 
penyl)cyclopropanecarboxylate, n-butyl 3,3-dimethyl-2-(2-methyl- 1-prope- 
10 nyl)cyclopropanecarboxylate, isobutyl 3,3-dimethyl-2-(2-methyl-l-propenyl)- 
cyclopropanecarboxylate, tert-butyl 3,3-dimethyl-2-(2-methyl- 1-propenyl)- 
cyclopropanecarboxylate, phenyl 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclo- 
propanecarboxylate, 1-naphthyl 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclo- 
propanecarboxylate, 2-naphthyl 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclo- 
15 propanecarboxylate, benzyl 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopro- 
panecarboxylate, 2,3,5,6-tetrafluorobenzyl 3,3-dimethyl-2-(2-methyl-l-pro- 
penyl)cyclopropanecarboxylate, 2,3,5,6-tetra£luoro-4-methylbenzyl 3,3-di- 
methyl-2-(2-methyl-l-propenyl)cyclopropanecarboxylate, 2,3,5,6-tetrafluoro- 
4-methoxybenzyl 3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecarbox- 
20 ylate, and 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl 3,3-dimethyl-2-(2- 
methyl-l-propenyl)cyclopropanecarboxylate. 

The carboxyHc acid compound (1) contain two asymmetric carbon 
atoms in their molecules, and provide four kinds of isomers. In the present 
invention, either any one of these isomers or a mixture of these isomers can 
25 be used. 

The ruthenium compound may include, for example, ruthenium 
metal; ruthenium oxides such as ruthenium (TV) oxide; ruthenium halides 
such as ruthenium (HI) chloride and ruthenium (HI) bromide; ruthenium 
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complexes such as tris(acetylacetonato)ruthenium (TO), bis(cyclopentadien- 
yl)ruthenium (Q), bis(pentamethylcyclopentadienyl)rutheiiitim (H), dichloro- 
(p~cymene)ruthenium (II) dimer, dichloro(l,5-cyclooctadiene)ruthenium (II) 
dimer, benzeneruthenium QX) chloride dimer, tris(2,2 , -bip3rridyl)dichloro- 
5 ruthenitim (II), chcMorotris(triphenylph^ (□), carbonyldi- 

hy(Mdotris(triphenylphosphine)ruthenium (II), and triruthenium dodeca- 
carbonyl (0); and perruthenates such as tetra(n-propyl)ammonium perruthe- 
nate (VH). 

These ruthenium compounds may be those which are supported on 

10 active carbon, silica, alumina, or the like. In the case of ruthenium oxides 
or ruthenium halides, their hydrates are usually used. 

The amount of ruthenium compound that may be suitably used is 
usually 0.05 mol% or higher, preferably 0.1 mol% or higher, per mol of the 
carboxylic acid compound (1), and there is no upper limit thereof. Too high- 

15 er amounts have a tendency to become disadvantageous from an economical 
point of view, and therefore, in practical cases, the amount of ruthenium 
compound that may be suitably used is not higher than 10 mol%, preferably 
not higher than 5 mol%. 

The periodic acid compounds may be those which exhibit acidic prop- 

20 erty in their aqueous solutions, and may include periodic acid (HglOs), sodi- 
um metaperiodate (NalO^, and potassium metaperiodate (KIOJ. The peri- 
odic acid compounds which exhibit neutral to alkaline property in their 
aqueous solutions, such as hthium periodate (LilO^, sodium paraperiodate 
(Na 2 H 3 I0 6 , NaaHalOe), and potassium dimesoperiodate (KJaOg), can be used 

25 in the present invention by reacting in advance with an aqueous solution of 
an acid such as sulfuric acid or nitric acid to convert them into a periodic acid 
compound which exhibits acidic property in their aqueous solutions. Alter- 
natively, periodic acid compounds which exhibit neutral to alkaline property 
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in their aqueous solutions are mixed in advance with carboxylic acid com- 
pound (1), and an aqueous solution of an acid such as sulfuric acid or nitric 
acid is added to make the reaction system acidic, thereby producing periodic 
acid compounds which exhibit acidic property in their aqueous solutions and 
5 carrying out the reaction. 

For some of these periodic acid compounds, there may exist their 
hydrates, and in the present invention, either anhydrates or hydrates may 
be used. 

The amount of the periodic acid compound that may be suitably used 

10 is usually not lower than 2 moles, per mol of the carboxylic acid compound (1), 
and there is no upper limit thereof. Too higher amounts have a tendency to 
cause further oxidation of the desired product, and therefore, in practical 
cases, the amount of the periodic acid compound that may be suitably used is 
not higher than 5 moles, preferably not higher than 3 moles, per mol of the 

15 carboxylic acid compound (1). 

The reaction of the carboxylic acid compound (1) with the periodic 
acid compound is usually carried out in water or a mixture of a water-im- 
miscible organic solvent and water. The water-immiscible organic solvent 
may include aromatic hydrocarbon solvents such as toluene, xylene, mesity- 

20 lene, and chlorobenzene; aliphatic hydrocarbon solvents such as pentane, 
hexane, heptane, octane, and cyclohexane; ester solvents such as ethyl ace- 
tate; ketone solvents such as methyl isobutyl ketone and methyl ethyl 
ketone; and halogenated aliphatic hydrocarbon solvents such as dichloro- 
methane, dichloroethane, and carbon tetrachloride. Preferred is a mixture 

25 of water and the water-immiscible organic solvent. The amount for its use 
is usually not lower than 2 parts by weight, preferably not lower than 5 parts 
by weight, per 1 part by weight of the carboxylic acid compound (1). There 
is no upper limit thereof, but taking into consideration volume efficiency and 



WO 03/059861 PCT/JP02/13576 

8 

the like, the amount for its use in practical cases is not higher than 100 parts 
by weight, per 1 part by weight of the carboxylic acid compound (1). When a 
mixture of water and the water-immiscible organic solvent is used, there is 
no particular limitation on the mixing ratio of the water and the water- 
5 immiscible organic solvent. 

The reaction temperature is usually -10°C to 50°C, preferably -5°C 
to 15°C. 

The reaction may usually be effected only by mixing and contacting 
of carboxylic acid compound (1), a ruthenium compound, and a periodic acid 
10 compound. There is no particular limitation on the order of mixing. 

After completion of the reaction, when the reaction mixture contains 
insoluble matter, for example, the filtration of the insoluble matter, followed 
by phase separation, gives an organic layer containing the desired 3,3,-di- 
methyl-2-formylcyclopropanecarboxylic acid derivative of formula (2): 

15 




(2) 



wherein R is as defined above (hereinafter abbreviated as carboxylic acid 
derivative (2)). Alternatively, the reaction mixture is heat-treated, and in 
necessary, water, or water and a water-immiscible organic solvent is added 

20 so that some or all of the insoluble matter is dissolved, followed by filtration 
and/or phase separation, thus obtaining an organic layer containing the car- 
boxylic acid derivative (2). For the heat treatment of the reaction mixture, 
the reaction mixture may be heat-treated as such or after the adjustment of 
pH to around neutral from the viewpoint of controlling the formation of by- 

25 products by the heat treatment. 
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When the reaction mixture contains no insoluble matter, if necessary, 
water and/or a water-immiscible organic solvent are added to the resulting 
reaction mixture, followed by phase separation, thus obtaining an organic 
layer containing carboxylic acid derivative (2). 
5 The carboxylic acid derivative (2) can be isolated by washing, if nec- 

essary, the organic layer containing the carboxylic acid derivative (2) with an 
aqueous solution of sodium thiosulfate or the like, followed by concentration. 
The isolated carboxylic acid derivative (2) may further purified by ordinary 
means of purification, such as distillation or chromatography. 

10 When the reaction mixture contains the rem ainin g periodic acid 

compounds, it may be mixed with an inorganic reducing agent such as sodi- 
um sulfite, sodium thiosulfate, or sodium hydrogensulfite; a primary alcohol 
such as methanol or ethanol; a secondary alcohol such as isopropyl alcohol, 
or the like to attain the reduction of the remaining periodic acid compounds, 

15 followed by the above treatment. 

Depending on the kind of ruthenium catalyst used, the catalyst may 
remain dissolved in the reaction mixture, in which case the reaction mixture 
may be mixed with an adsorbent such as active carbon to remove the catalyst 
by adsorption. 

20 The filtered insoluble matter or the aqueous layer obtained by phase 

separation contains iodic acid compound formed as by-products (hereinafter 
abbreviated as by-product iodic acid compounds) in the reaction of carboxylic 
acid compounds (1) with periodic acid compounds. The conversion of by- 
product iodic acid compounds into periodic acid compounds to reuse in the 

25 present invention is preferred from an economical point of view and firom the 
viewpoint of environmental burden because of a reduction in iodine-con- 
taining waste products. For example, when sodium metaperiodate (NalO^ 
is used as a periodic acid compound, sodium iodate and/or iodic acid are 
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formed as by-product iodic acid compounds. 

As a method for converting by-product iodic acid compounds into 
periodic acid compounds, for example, the by-product iodic acid compounds 
are reacted with an oxidizing agent in the presence of an alkali to convert 
5 them into periodic acid compounds which exhibit alkaline property in their 
aqueous solutions, followed by treatment with an acid such as sulfuric acid 
or nitric acid, to convert them into periodic acid compounds which exhibit 
acidic property in their aqueous solutions. 

The oxidizing agent may include hypohalites such as sodium hypo- 
10 chlorite; halogens such as chlorine and bromine; and peroxodisulfates such 
as potassium peroxodisulfate. The amount for its use is usually 1 to 3 moles, 
per mol of the by-product iodic acid compounds. The alkali may include 
alkali metal hydroxides such as sodium hydroxide and potassium hydroxide. 
The amount for its use is usually 0.5 to 3 moles, per mol of the by-product 
15 iodic acid compounds. The alkali is usually used as an aqueous solution. 

The reaction temperature in the reaction of by-product iodic acid 
compounds with an oxidizing agent is usually 50°C to 100°C. 

When the above insoluble matter (by-product iodic acid compounds) 
is reacted with an oxidizing agent, the reaction is usually carried out in 
20 water. The amount of water used is usually 2 to 10 parts by weight, per 1 
part by weight of the insoluble matter. When the aqueous layer containing 
by-product iodic acid compounds is reacted with an oxidizing agent, both 
may usually be brought into contact with each other and mixed as such, and 
if necessary, water may be added. 
25 The following will specifically explain, taking as an example the case 

where the by-product iodic acid compound is sodium iodate. The sodium 
iodate formed as a by-product is usually reacted with an oxidizing agent such 
as sodium hypochlorite in water in the presence of an alkali such as sodium 
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hydroxide, so that sodium paraperiodate which exhibits alkaline property in 
its aqueous solution is usually deposited as crystals. For sodium paraper- 
iodate, there exist two types, i.e., Na 2 H 3 I0 6 and Na 3 H 2 I0 6 . The suitable 
selection of reaction conditions including the amount of alkali and the pH of 
5 the reaction mixture can selectively give any one of Na 2 H 3 I0 6 and Na 3 H 2 I0 6 . 
Therefore, the reaction conditions may be selected, depending on the kind of 
the desired sodium paraperiodate. Taking into consideration the amount of 
alkali used, the amount of acid used for the conversion into sodium metaper- 
iodate, and the like, the recovery as Na 2 H 3 I0 6 is advantageous and preferred 

10 from an economical point of view. 

The deposited crystals of sodium paraperiodate are removed by fil- 
tration, and if necessary, subjected to washing, followed by treatment with 
an acid such as nitric acid or sulfuric acid, to convert into sodium metaper- 
iodate (NalO^. The sodium metaperiodate (NalOJ obtained may be iso- 

15 lated and reused for the reaction of the above carboxylic acid compound (1) 
with the periodic acid compound, or may be reused, without separation, for 
example, as an aqueous solution or suspension containing sodium meta- 
periodate (NalOJ obtained by treatment with an acid, for the reaction of the 
above carboxylic acid compounds (1) with the periodic acid compound. 

20 When the iodic acid compound formed as a by-product is potassium 

iodate, potassium iodate formed as a by-product is reacted with an oxidizing 
agent such as chlorine in an aqueous solvent in the presence of an alkali such 
as potassium hydroxide to convert into potassium dimesoperiodate (K 4 I 2 0 9 ), 
followed by treatment with an acid such as nitric acid, so that potassium 

25 metaperiodate (KIOJ can usually be recovered as crystals. 

The carboxylic acid derivative (2) thus obtained may include 3,3-di- 
methyl-2-formylcyclopropanecarboxyhc acid, methyl 3,3- dimethyl- 2 -f ormyl- 
cyclopropanecarboxylate, ethyl 3,3-dimethyl-2-formylcyclopropanecarboxyl- 
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ate, n-propyl 3,3-dimethyl-2-formylcydopropanecarbo^late^ isopropyl 3,3- 
dimethyl-2-formylcydopropanecarboxylate, n-butyl 3,3-dimethyl-2-formyl- 
cyclopropanecarboxylate, isobutyl 3,3-dimethyl-2-formylcyclopropanecarbox- 
ylate, tert-butyl 3,3-dimethyl-2-formylcyclopropanecarboxylate, phenyl 3,3- 
dimethyl-2-formylcyclopropanecarboxylate, 1-naphthyl 3,3-dimethyl-2-for- 
mylcyclopropanecarboxylate, 2-naphthyl 3,3-dimethyl-2-formylcyclopropane- 
carboxylate, benzyl 3,3-dimetbyl-2-formylcyclopropanecarboxylate, 2,3,5,6- 
tetrafluorobenzyl 3,3-dimethyl-2-formylcyclopropanecarboxylate, 2,3,5,6- 
tetrafluoro-4-methylbenzyl 3,3-dimethyl-2-formylcyclopropanecarboxylate, 
2,3,5,6-tetrafluoro-4-methoxybenzyl 3,3-dimethyl-2-formylcyclopropanecar- 
boxylate, and 2,3,5,6-tetrafluoro-4-metboxymethylbenzyl 3,3-dimethyl-2-for- 
mylcyclopropanecarboxylate. 

Examples 

15 The present invention will hereinafter be further illustrated by the 

following Examples; however, the present invention is not limited to these 
Examples. In the Examples, the analysis was carried out by gas chroma- 
tography (the internal standard method). 
Example 1 

20 lb 44.4 g of sodium paraperiodate (Na 2 H 3 I0 6 ) was added 195 g of 

water and at an internal temperature of 25°C was added 17.2 g of 60 wt.% 
nitric acid, giving an aqueous solution containing sodium metaperiodate 
(NalOJ. lb the aqueous solution was further added 1.7 g of sodium meta- 
periodate (NalOJ, followed by adjustment to an internal temperature of 0°C. 

25 Then, 32.6 mg of ruthenium chloride (HI) hydrate, 14.2 g of methyl trans- 
3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecarboxylate, and 141 g of 
toluene were added, and the mixture was stirred at the same temperature 
for 23.5 hours to effect reaction. After completion of the reaction, 2.2 g of 
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isopropyl alcohol was added to reduce the remaining sodium metaperiodate 
(NaI0 4 ), followed by the addition of an aqueous solution of 20 wt.% sodium 
carbonate for neutralization. 

At an internal temperature of 70°C, 0.4 g of active carbon was added, 
and the mixture was stirred for about 30 minutes, followed by filtration at 
the same temperature. The filtrate was left at rest, followed by phase sep- 
aration to give an organic layer containing methyl trans-3,3-dimethyl-2-for- 
mylcyclopropanecarboxylate and an aqueous layer containing by-product so- 
dium iodate and/or iodic acid. The organic layer was washed with an aque- 
ous solution of sodium thiosulfate, followed by concentration under reduced 
pressure to give 26.9 g (content: 38.8 wt.%) of concentrated residue con- 
taining methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxylate. The 

yield was 86%. 

Further, 274 g of the above aqueous layer was concentrated under 
reduced pressure to remove the acetone and isopropyl alcohol contained, fol- 
lowed by dropwise addition of 26.9 g of a 30wt.% aqueous solution of sodium 
hydroxide and 109.5 g of a 12.8 wt.% aqueous solution of sodium hypochlorite 
at an internal temperature of 80°C, and the mixture was stirred at the same 
temperature for 4 hours to effect reaction. Then, the mixture was cooled to 
an internal temperature of 30°C or lower, to which 60 wt.% nitric acid was 
added for the adjustment to pH 6. The deposited crystals were removed by 
filtration and dried under reduced pressure to give 46.1 g of sodium para- 
periodate (Na^IOe). The rate of recovery to the sodium paraperiodate and 
sodium metaperiodate used above was 99%. 
Example 2 

To 26.3 g of sodium paraperiodate (Na 2 H 3 IOe) was added 58 g of 
water and at an internal temperature of 65°C was added 10.1 g of 60 wt.% 
nitric acid, giving an aqueous solution containing sodium metaperiodate 
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(NaI0 4 ). After the adjustment to an internal temperature of 0°C, 12.5 mg of 
ruthenium oxide (TV) hydrate, 8 g of methyl trans-3,3-dimethyl-2-(2-methyl- 
l-propenyl)cyclopropanecarboxylate, and 80 g of toluene were added, and the 
mixture was stirred at the same temperature for 23 hours to effect reaction. 

5 After completion of the reaction, 1.8 g of isopropyl alcohol was added to 
reduce the remaining sodium metaperiodate (NaI0 4 ), followed by the addi- 
tion of a 20 wt.% aqueous solution of sodium carbonate for neutralization. 

At an internal temperature of 0°C, insoluble matter containing by- 
product sodium iodate was removed by filtration. The removed insoluble 

10 matter was washed with toluene, and the washing solution was mixed with 
the filtrate previously obtained. The filtrate after the mixing was subjected 
to phase separation, and the resulting organic layer washed with an aqueous 
solution of sodium thiosulfate to give 110.3 g (content: 5.5 wt.%) of the or- 
ganic layer containing methyl trans-3,3-dimethyl-2-formylcyclopropanecar- 

15 boxylate. The yield was 88%. 
Example 3 

To 26.3 g of sodium paraperiodate (Na 2 H 3 I0 6 ) was added 58 g of 
water and at an internal temperature of 65°C was added 10.1 g of 60 wt.% 
nitric acid, giving an aqueous solution containing sodium metaperiodate 

20 (NalOJ. After the adjustment to an internal temperature of 0°C, 178.9 mg 
of 5 wt.% ruthenium/alumina, 8 g of methyl trans- 3 , 3 - dimethyl- 2 - (2 -me thyl- 
l-propenyl)cyclopropanecarboxylate, and 80 g of toluene were added, and the 
mixture was stirred at the same temperature for 28 hours to effect reaction. 
After completion of the reaction, 1.8 g of isopropyl alcohol was added to 

25 reduce the remaining sodium metaperiodate (NalOJ, followed by the addi- 
tion of a 20 wt.% aqueous solution of sodium carbonate for neutralization. 

At an internal temperature of 0°C, insoluble matter containing by- 
product sodium iodate was removed by filtration. The removed insoluble 
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matter was washed with toluene, and the washing solution was mixed with 
the filtrate previously obtained. The filtrate after the mixing was subjected 
to phase separation, and the resulting organic layer washed with an aqueous 
solution of sodium thiosulfate to give 124.7 g (content: 4.9 wt.%) of the or- 
5 ganic layer containing methyl trans-3,3-dimethyl-2-formylcyclopropanecar- 
boxylate. The yield was 89%. 
Example 4 

Tb 13.5 g of sodium paraperiodate (Na 2 H 3 I0 6 ) was added 30 g of 
water and at an internal temperature of 65°C was added 5.3 g of 60 wt.% 

10 nitric acid, giving an aqueous solution containing sodium metaperiodate 
(N aI0 4 ). After the adjustment to an internal temperature of 0°C, 9 1 mg of 5 
wt.% ruthenium/active carbon, 4.1 g of methyl trans-3,3-dimethyl-2-(2- 
methyl-l-propenyl)cyclopropanecarboxylate, and 41 g of toluene were added, 
and the mixture was stirred at the same temperature for 21 hours to effect 

15 reaction. After completion of the reaction, 1.2 g of isopropyl alcohol was 
added to reduce the remaining sodium metaperiodate (NalOJ, followed by 
the addition of a 20 wt.% aqueous solution of sodium carbonate for neutrali- 
zation. 

At an internal temperature of 0°C, insoluble matter containing by- 
20 product sodium iodate was removed by filtration. The removed insoluble 
matter was washed with toluene, and the washing solution was mixed with 
the filtrate previously obtained. The filtrate after the mixing was subjected 
to phase separation, and the resulting organic layer washed with an aqueous 
solution of sodium thiosulfate to give 69.5 g (content: 4.4 wt.%) of the organic 
25 layer containing methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxyl- 
ate. The yield was 87%. 
Example 5 

To 10.8 g of sodium metaperiodate (NalO^ was added 33 g of water, 
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and the mixture was adjusted to an internal temperature of 0°C, followed by 
the addition of 10.4 mg of bis(cyclopentadienyl)ruthenium CO). To this were 
added 4.1 g of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopro- 
panecarboxylate and 21 g of toluene, and the mixture was stirred at an in- 

5 ternal temperature of 0°C for 8 hours to effect reaction. After completion of 
the reaction, insoluble matter containing by-product sodium iodate was 
removed by nitration. The removed insoluble matter was washed with 
toluene, and the washing solution was mixed with the filtrate previously 
obtained. The filtrate after the mixing was subjected to phase separation, 

10 and the resulting organic layer washed with an aqueous solution of sodium 
thiosulfate to give 55.2 g (content: 5.9 wt.%) of the organic layer containing 
methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxylate. The yield was 

91%. 

Example 6 

15 In the same manner as described in Example 5, except that 13.4 mg 

of dichloro(p-cymene) ruthenium (H) dimer was used in place of 10.4 mg of 
bis(cyclopentadienyl)ruthenium (E) and the reaction time was set to 9 hours, 
54.5 g (content: 5.4 wt.%) of the organic layer containing methyl trans-3,3- 
dimethyl-2-formylcyclopropanecarboxylate. The yield was 83%. 

20 Example 7 

In the same manner as described in Example 5, except that 5.5 mg of 
benzeneruthenium (II) chloride dimer was used in place of 10.4 mg of bis- 
(cyclopentadienyl)ruthenium (II) and the reaction time was set to 12 hours, 
54.7 g (content: 5.3 wt.%) of the organic layer containing methyl trans-3,3- 
25 dimethyl-2-formylcyclopropanecarboxylate. The yield was 82%. 
Example 8 

In the same manner as described in Example 5, except that 42 mg of 
dichlorotris(triphenylphospliine) ruthenium (H) was used in place of 10.4 mg 
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of bis(cydopentadienyl)ruthenium (EE), 52.2 g (content: 5.6 wt.%) of the or- 
ganic layer containing methyl trans-33-dhnethyl-2-formylcyclopropanecar- 
boxylate. The yield was 82%. 
Example 9 

5 In the same manner as described in Example 5, except that 18.1 mg 

of tris(acetylacetonato)ruthenium (HI) was used in place of 10.4 mg of bis- 
cyclop entadienyl)ruthenium (II) and the reaction time was set to 11 hours, 
52.4 g (content: 5.7 wt.%) of the organic layer containing methyl trans-3,3- 
dimethyl-2-formylcyclopropanecarboxylate. The yield was 85%. 

10 Example 10 

In the same manner as described in Example 5, except that 41.5 mg 
of carbonyldihydridotris(triphenylphosphine)ruthenium (EE) was used in 
place of 10.4 mg of bis(cyclopentadienyl)ruthenium (II) and the reaction time 
was set to 7 hours, 58.9 g (content: 5.0 wt.%) of the organic layer containing 

15 methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxylate. The yield was 
84%. 

Example 11 

In the same manner as described in Example 5, except that 15.4 mg 
of tetra(n-propyl)ammonium perruthenate (VII) was used in place of 10.4 mg 
20 of bis(cyclopentadienyl)rutlienium (H) and the reaction time was set to 6 
hours, 52.6 g (content: 5.6 wt.%) of the organic layer containing methyl 
trans-3,3-dimethyl-2-formylcyclopropanecarboxylate. The yield was 83%. 
Example 12 

lb 5.4 g of sodium metaperiodate (NalO^ was added 16 g of water, 
25 and the mixture was adjusted to an internal temperature of 0°C, followed by 
the addition of 11.4 mg of ruthenium (III) chloride hydrate. To this were 
added 2 g of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopro- 
panecarboxylate and 10 g of dichloroethane, and the mixture was stirred at 
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an internal temperature of 0°C for 4 hours to effect reaction. After comple- 
tion of the reaction, insoluble matter containing by-product sodium iodate 
was removed by filtration. The removed insoluble matter was washed with 
dichloroethane, and the washing solution was mixed with the filtrate previ- 
5 ously obtained. The filtrate after the mixing was subjected to phase sepa- 
ration, and the resulting organic layer washed with an aqueous solution of 
sodium thiosulfate to give 26.8 g (content: 5.4 wt.%) of the organic layer con- 
taining methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxylate. The 
yield was 85%. 

10 Example 13 

In the same manner as described in Example 12, except that hexane 
of the same weight was used in place of dichloroethane and the reaction time 
was set to 10 hours, 36.4 g (content: 3.2 wt.%) of the organic layer contai n ing 
methyl trans-3,3-dLmethyl-2-formylcyclopropanecarboxylate. The yield was 

15 68%. 

Example 14 

In the same manner as described in Example 12, except that ethyl 
acetate of the same weight was used in place of dichloroethane, 37.0 g (con- 
tent: 3.5 wt.%) of the organic layer containing methyl trans-3,3-dimethyl-2- 
20 formylcyclopropanecarboxylate. The yield was 76%. 

Example 15 

In the same manner as described in Example 12, except that methyl 
isobutyl ketone of the same weight was used in place of dichloroethane and 
the reaction time was set to 7 hours, 40.5 g (content: 3.3 wt.%) of the organic 
25 layer containing methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxyl- 
ate. The yield was 79%. 

Example 16 

Tb 11.5 g of periodic acid (HglOe) was added 33 g of water, and the 
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mixture was adjusted to an internal temperature of 0°C, followed by the 
addition of 6 . 1 mg of ruthenium (EV) oxide hydrate. To this were added 4. 1 
g of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecarbox- 
ylate and 41 g of toluene, and the mixture was stirred at an internal tem- 
5 perature of 0°C for 12 hours to effect reaction. The reaction mixture was 
subjected to phase separation, and the resulting organic layer was washed 
with an aqueous solution of sodium thiosulfate to give 70.1 g (content: 4.6 
wt.%) of the organic layer containing methyl trans-3,3-dimethyl-2-formyl- 
cyclopropanecarboxylate. The yield was 91%. 
10 Example 17 

To 11.6 g of potassium metaperiodate (KI0 4 ) was added 33 g of water, 
and the mixture was adjusted to an internal temperature of 0°C, followed by 
the addition of 6 mg of ruthenium (TV) oxide hydrate. To this were added 
4.1 g of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecar- 
15 boxylate and 20 g of toluene, and the mixture was stirred at an internal 
temperature of 0°C for 24 hours to effect reaction. After completion of the 
reaction, insoluble matter containing by-product potassium iodate was 
removed by filtration. The removed insoluble matter was washed with 
toluene, and the washing solution was mixed with the filtrate previously 
20 obtained. The filtrate after the mixing was subjected to phase separation, 
and the resulting organic layer washed with an aqueous solution of sodium 
thiosulfate to give 59.3 g (content: 3.1 wt.%) of the organic layer containing 
methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxylate. The yield was 

52%. 

25 Example 18 

To 11.8 g of hthium periodate hydrate (LiI0 4 .2H 2 0) was added 35 g of 
water, and the mixture was adjusted to an internal temperature of 0°C, 
followed by the addition of 6 mg of ruthenium (TV) oxide hydrate. To this 
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were added 4.1 g of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclo- 
propanecarboxylate, 41 g of toluene, and 9 g of 60 wt.% nitric acid, and the 
mixture was stirred at an internal temperature of 0°C for 30 hours to effect 
reaction. After completion of the reaction, insoluble matter cont a i nin g by- 
5 product lithium iodate was removed by filtration. The removed insoluble 
matter was washed with toluene, and the washing solution was mixed with 
the filtrate previously obtained. The filtrate after the mixing was subjected 
to phase separation, and the resulting organic layer washed with an aqueous 
solution of sodium thiosulfate to give 78.5 g (content: 3.4 wt.%) of the organic 
10 layer containing methyl trans-3,3-dimethyl-2-formylcyclopropanecarboxyl- 
ate. The yield was 76%. 
Example 19 

lb 10:8 g of sodium periodate (NalOJ was added 33 g of water, and 
the mixture was adjusted to an internal temperature of 0°C, followed by the 

15 addition of 6 mg of ruthenium (TV) oxide hydrate. To this were added 4.1 g 
of trans-3,3-dimethyl-2^2-methyl-l-propenyl)cyclopropanecarboxylic acid 
and 21 g of toluene, and the mixture was stirred at an internal temperature 
of 0°C for 23 hours to effect reaction. After completion of the reaction, 
insoluble matter containing by-product sodium iodate was removed by filtra- 

20 tion. The removed insoluble matter was washed with toluene, and the 
washing solution was mixed with the filtrate previously obtained. The 
filtrate after the mixing was subjected to phase separation, and the resulting 
organic layer washed with an aqueous solution of sodium thiosulfate to give 
56.7 g (content: 2.0 wt.%) of the organic layer containing trans-3,3-dimethyl- 

25 2-formylcydopropanecarboxylic acid. The yield was 35%. 
Example 20 

lb 10.8 g of sodium periodate (NalO^ was added 33 g of water, and 
the mixture was adjusted to an internal temperature of 0°C, followed by the 
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addition of 9. 1 mg of ruthenium (HI) chloride hydrate. To this were added 
4.1 g of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecar- 
boxylate and 41 g of toluene, and the mixture was stirred at an internal 
temperature of 0°C for 18 hours to effect reaction. After completion of the 
reaction, insoluble matter containing by-product sodium iodate was removed 
by filtration. The removed insoluble matter was washed with toluene, and 
the washing solution was mixed with the filtrate previously obtained. The 
filtrate after the mixing was subjected to phase separation, and the resulting 
organic layer washed with an aqueous solution of sodium thiosulf ate to give 
57.7 g (content: 5.6 wt.%) of the organic layer containing methyl trans-3,3- 
dimethyl-2-formylcyclopropanecarboxylate. The yield was 91%. 
Example 21 

To 10.8 g of sodium periodate (NalO^ was added 33 g of water, and 
the mixture was adjusted to an internal temperature of 0°C, followed by the 
addition of 6 mg of ruthenium (TV) oxide hydrate. To this were added 4.1 g 
of methyl trans-3,3-dimethyl-2-(2-methyl-l-propenyl)cyclopropanecarboxyl- 
ate and 41 g of toluene, and the mixture was stirred at an internal tempera- 
ture of 0°C for 12 hours to effect reaction. After completion of the reaction, 
insoluble matter containing by-product sodium iodate was removed by filtra- 
tion. The removed insoluble matter was washed with toluene, and the 
washing solution was mixed with the filtrate previously obtained. The 
filtrate after the mixing was subjected to phase separation, and the resulting 
organic layer washed with an aqueous solution of sodium thiosulfate to give 
70.5 g (content: 4.6 wt.%) of the organic layer containing methyl trans-3,3- 
dimethyl-2-formylcyclopropanecarboxylate. The yield was 92%. 
Example 22 

To 44.4 g of sodium paraperiodate (Na 2 H 3 IOs) recovered in Example 1 
was added 203 g of water and at an internal temperature of 0°C was added 
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17.2 g of 60 wt.% nitric acid, giving an aqueous solution containing sodium 
metaperiodate (NaI0 4 ). At the same temperature, 32.4 mg of ruthenium 
(HI) chloride hydrate, 14.2 g of methyl trans-3,3-dimethyl-2-(2-methyl-l-pro- 
penyl)cyclopropanecarboxylate, and 144 g of toluene were added, and 1.7 g of 
sodium metaperiodate (NalOJ was further added. The mixture was stirred 
for 25.5 hours to effect reaction. After completion of the reaction, 2.4 g of 
isopropyl alcohol was added to reduce the remaining sodium metaperiodate 
(NalOJ, followed by the addition of a 20 wt.% aqueous solution of sodium 
carbonate for neutralization. 

At an internal temperature of 70°C was added 0.2 g of active carbon, 
and the mixture was stirred for about 30 minutes, followed by filtration at 
the same temperature. The filtrate was left at rest and then subjected to 
phase separation to give an organic layer containing methyl trans-3,3-di- 
methyl-2-formylcyclopropanecarboxylate and an aqueous layer containing 
by-product sodium iodate and/or iodic acid. The organic layer was washed 
with an aqueous solution of sodium thiosulfate, followed by concentration 
under reduced pressure to give 27.5 g (content: 38.5 wt.%) of the concen- 
trated residue containing methyl teans-3,3-dimethyl-2-formylcyclopropane- 
carboxylate. The yield was 87%. 

Industrial Applicability 

According to the present invention, 3,3-dimethyl-2-formylcyclopro- 
panecarboxylic acid derivatives can be produced in an industrially advan- 
tageous manner without using highly toxic osmium tetroxide or ozone having 
a tendency to need large-scale equipment. Further, the iodic acid com- 
pounds formed as by-products in the reaction can be recovered as periodic 
acid compounds and the recovered periodic acid compounds can be reused in 
the present invention, so that the production process of the present invention 
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is advantageous from an economical point of view and from the viewpoint of 
environmental burden. 



